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Abstract 
Tomato is one of widely cultivated vegetable food crops in the world, because of its 
significant importance in human nutrition. Late blight is a serious tomato disease caused by 
Phytophthora infestans, which could lead to complete crop loss. The aim of this paper was to 
analyse the content of bioactive compounds in leaves of tomato genotype Bizon and their 
connection with late blight infection rate. It was found that at the beginning of late blight 
infection plant generated a high amount of polyphenols and flavonoids, but their 
concentration and antioxidant activity were reduced with the increasing rate of infection. 
Statistically significant differences (p<0.01) were observed between infection rate and 
sampling date as well as in their interaction on the measured biochemical parameters. 
 
Introduction 
Plants are constantly exposed to many abiotic and biotic stress conditions such as high 
temperature, drought as well as the attack of the pathogens. In these stressful conditions, the 
production of reactive oxygen species (ROS) is increased and induces cellular damage. 
Despite their ability to cause harmful oxidation, in low concentration ROS are important 
signalling molecules. Different enzymatic and non-enzymatic defence mechanisms, are 
involved in ROS scavenging and prevention of oxidative stress [1,2]. Phenolic compounds are 
the most important non-enzymatic antioxidants. Flavonoids are a large group of natural 
phenolic compounds which are capable of chelating free radicals by donating a hydrogen atom or 
by single-electron transfer [3]. 
Tomato is one of the most important vegetable cultivated throughout the world that is 
consumed fresh as well as processed. It has a big influence in nutrition because provide a 
sufficient amount of dietary antioxidants and vitamin, especially vitamin A and C [4]. 
Phytophthora infestans is an oomycete which cause one of the most serious disease of tomato 
known as late blight (LB). This destructive disease is responsible for significant economical 
loses of tomato crops [5]. 
The goal of this paper was to investigate the effect of the late blight intensity in tomato leaves 
on antioxidant capacity, by measuring the content of total phenols and flavonoids, and by 
using six different antioxidant assays.  
Experimental 
The material for this study was lower leaves of tomato genotype Bizon that was cultivated in 
the experimental field of the Institute of Field and Vegetable Crops, Novi Sad, Serbia, during 
2014. Sowing for seedlings production in a glass house was done on 3
rd
 of April and the 
plants were transplanted on 27
th
 of May into the open field. Space between rows was 140 cm, 
while space between plants in the row was 50 cm. There was no fungicide application. The 
first sampling date was on 4
th
 of August and the second was on 18
th
 of August. Ten fully 
expanded lower leaves were taken from different plants and evaluation of infection rate was 
done according to the EPPO modified scale: 0-without infection, 1-less than 5% of leaf 
affected, 2- spots covering 5-10%, 3-spots covering 10-25%, 4- spots covering 25-50%, 5- 
spots covering more than 50% of the leaf.[6] 
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For biochemical analyses, plant material (200 mg) was milled to a fine powder and samples 
were prepared by extraction in 70% aqueous acetone solution (50 ml) during 24 h then 
centrifuged at 5000 rpm for 15 min. The supernatant was separated and kept in cold storage. 
The total polyphenolic content (TP) was determined according to the Folin-Ciocalteu 
procedure [7]. Determination of total flavonoid content (TF) was carried out using a method 
based on the flavonoid characteristics to build metal-complexes with aluminium chloride 
(AlCl3) [8]. The calibration curve was constructed with Quercetin and the results of TP and 
TF were expressed as catechin equivalents in mg per g of dry weight (mg QE/g DW). The 
total antioxidant activity (TAA) of extracts was determined according to the 
phosphomolybdenum method described by Kalaskar and Surana [9]. Using the method 
reported by Saha et al. [8] was assayed the total reduction capacity (TRC). Determination of 
DPPH radicals scavenging activity was measured as described by Lai and Lim [10]. Ferric 
reducing antioxidant power (FRAP) of extracts was estimated with the method developed by 
Valentão et al. [11]. The ABTS radical scavenging assay was performed according to the 
method by Miller et al. [12]. The calibration curve was constructed with a standard Trolox 
solution and the results of TAA, TRC, DPPH, FRAP and ABTS were expressed as Trolox 
equivalents in mg per g of dry weight (mg Trolox/g DW). The nitroblue tetrazolium (NBT) 
assay was used to determine the superoxide free radical scavenging activity [9] and the results 
were expressed as a percentage of inhibition of superoxide anion. All experimental 
measurements were performed in triplicate and the results of the total polyphenols, flavonoids 
and antioxidant activity assayed with the total antioxidant activity, total reduction capacity, 
FRAP, DPPH, ABTS and NBT test were expressed as the mean ± standard deviation (Table 
1). 
The data obtained were processed by applying the analysis of variance (Factorial ANOVA) 
using software STATISTICA ver. 13.2 (StatSoft, Inc., USA) and significant differences 
between the groups were determined using the Bonferroni test (p<0.01). The correlation 
coefficients were calculated according to Spearman. 
 
Results and discussion 
The content of polyphenols, flavonoids and antioxidant activity of tomato leaves extracts are 
presented in Table 1. Except for the FRAP test, two-way ANOVA suggested that the rate of 
infection, sampling date and interaction between these two factors have statistically 
significant (p<0.01) influence on all measured biochemical parameters.  
In both sampling dates, the content of total phenols and flavonoids of analysed extracts was 
reduced with increasing of infection rate. Post-hoc Bonferroni test (p<0.01) for all assays 
showed the most pronounced difference between non-infected plants and plants attacked by 
late blight in the cases when LB' s infected area covering 25% and more than 50% of the leaf. 
At the beginning of infection, the amount of polyphenols and flavonoids is increased, since 
these secondary metabolites have a role in the plant response to abiotic and biotic stress [3]. 
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Value is a mean of three replicates ±standard deviation (SD)  
1Expressed as mg Quercetin/g DW   2Expresed as mg Trolox/g DW 3Expresed as % inhibition 
Value without the same superscript within each row differ significantly at p< 0.01 (Bonferroni post-hock test) 
0-without infection, 1- infected area covering less than 5% of leaf, 2- infected area covering 5-10% of leaf, 3- infected area covering 10-25% of leaf, 4- infected area covering 25-50% of leaf , 5- infected area covering more than 50% of leaf. 
 
 
This fact suggested that polyphenols and flavonoids are involved in the first response of 
plants to late blight attack. The results of this study are in agreement with report of other 
authors [12]. Taking into consideration that FRAP and ABTS tests are specific for flavonoids, 
and that FRAP did not show the statistically significant difference between infected plants, it 
is suggested that some other polyphenolic compounds, like terpenoids and flavonones ,may be 
involved in antioxidant protection mechanisms in tomato.[13] According to other authors, the 
amount of polyphenols increases during the early phases of infection because the plant is 
generating some precursors of lignin, which also belongs to this large group of molecules. 
Lignin is known as a physical barrier against initial pathogen colonization [5,14,15,16]. 
Spearman coefficient for all measured biochemical parameters showed strong negative 
correlation with LB infection rate, but the only correlation with TRC was not significant 
(Table 2). Except for the correlation between ABTS and TP as well as TF, all used tests were 
in strong positive and significant correlation.  
 




















-0.61** -0.76** -0.85** -0.27 -0.68** -0.46** -0.71** -0.85** 
TP
1
   0.86** 0.65** 0.84** 0.93** -0.27 0.95** 0.86** 
TF
1
     0.82** 0.58** 0.89** 0.09 0.90** 0.89** 
1
Expressed as mg Quercetin/g DW,   
2
Expresed as mg Trolox/g DW,  
3
 Expressed as % 
inhibition 
**Statistically significant at p< 0.01 (Spearman correlation) 
 
Conclusion 
The results of this study suggested that infected tomato plant in early phase of infection with 
Phytophthora infestans, generated a higher amount of polyphenols and flavonoids. These 
natural antioxidant substances are involved in earlier defence mechanism against the 
pathogen. The results of ABTS and FRAP indicate that some other polyphenolics compounds, 
apart from flavonoids, are involved in mechanisms of antioxidant protection of tomato. 
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